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"T Iirairopti€al-«)mmuniGat4eH-sy — • 
said apparatus comprising: 
a fiber; and 

an optical pump energy j^ource djj^posed to injpdt optical pump energy into said 
fiber in a co-propagating directbn motive toTTransmission direction of an optical signal 
in said fiber to cause Raman am^ification of said signal in accordance with a gain level; 
and 

w h e rein said-gain - le^ ^ e l is- g rea t e r than 4 dRr 
2. *"--?%e-app^ratus-o#^im4-wher.ein^ithenl)_^^^ 

greater four-wave mixing product suppressionjev^fthan would be achieved using only a 
counter-propagating optical pum^^igfgy source to obtain said gain level or 2) given a 
four-wave mixing prodjiefsuppression level, there is a higher signal to noise ratio than 
would be achi.©^;^ using only said counter-propagating energy source to obtain said gain 



3. In an optical communic 
said apparatus comprising: 



apparatus for amplifying an optical signal, 
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^--arfest-optical- pump e nerg y'scrin're disposed to inject opfical pump'erTgrgy-jftte-a 
fiber in a co-propagating direction relative to a transmissjo'ndirection of said optical 
signal to cause Raman amplification of said signal in'accordance with a first gain level; 

a second optical pump energ^^soW disposed to inject optical pump energy into 
said fiber in a counter-propagating directpn relatiyfe to said transmission direction of said 
optical signal to cause Raman amplificatilii^f'^aM signal in accordance with a second 
gain level, said optical signal ej^periertcing a total gain level including said first gain level 
and said second gain leveJf^d 

wherein said first gain level is greater than 4 dB. 


-The-apparatns of claim 5 wherein either i; given a signal to noise ratio, there 



greater four-wave mixing product suppression level than would be achievra using only 
said second optical pump energy source to obtain said total ^rC^w^or 2) given a four- 
wave mixing product suppression level, there is a hitler signal to noise ratio than would 
be achieved using only said second optic^l^pmnp^nergy source to obtain said total gain 
level. 


5. The apparatus of claim 3 wherein said first gain level is set responsive to a 
20 minimuifftolerable four-wave mixing product suppression level and a desired signal to 


6. The apparatus of clafiftrSY^herein said first gain level is also set responsive to a 
maximum tolerable saturation level. 
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7. The apparatus of claim 5 whefcejjtls^id second gain level is set responsive to said 
first gain level and said total gain lex 


8. — The"appOTatasTyftfeinr3-wb( 
-are-setrespon si v c to - a rde&i 



omhgainievet- 
kscatte ring le ¥€l;--* 


" ^e appara tus-o f - claim 3 wher ei n - a power levej^fsatd-first-optical pump energy 
source is set responsive to said first gain level. 


10. The apparatus of claim 3 wherein a power level of saidsecond optical pump 
energy source is set responsive to said second gain 1©\^ 


1 1 . The apparatus of claim 3furth^ comprising said fiber. 


12. The apparatus^©'! claim 3 further comprising: 

BrbjHj^ 4op€d-^ifa e r- amplij k r inx;asG ad:e"witirsatd:^^€3^ 



fo-an-optiCal communication system, app|ittus for ampli^yiTlg^mnDpticaHrgnal;^ 

said apparatus comprising: 

a first optical pump energy sourele^yBispo^d to inject optical pump energy into a 
fiber in a co-propagating direction/fel^iive to a transmission direction of said optical 
signal to cause Raman amplification of said signal; and 
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"^-Second opiieal-pump-eflar-gy-sourcraisposed to inject optical pumf 
said fiber in a counter-propagating direction relative to said transmission directi'on of said 
optical signal to cause Raman amplification of said^ignal; and 
wherein said first gain level is greater than 4 dB. 


14. The apparatus of claim 13 wherein either s^ fi^stJ2pti(5al pump energy source 
has a power level set to achieve one-<5fa ogsired gain saturation level or a desired 



Rayleigh backscattering le^^el^ and said second optical pump energy source has a power 
10 level set to obtain^de'sired gain level given said power level set for said first optical 


ST^ — Th e appai^ tus of claim 13 wherein eith eH^^'giv e u a signal to n oi s e ra tto^tan""" 
output of said fiber, there is a greater four-wave mixing product suppression level 
achieved than would be achieved using only said second optical pump energy source to 
achieve said desired gain level or 2) given a four-wave mixing product level at an output 
of said fiber, there is a higher si^i^F^ noise ratio than would be achieved using only said 
second optical pump energy source to achieve said desired gain level. 


20 1 6 — Jhe^^afat us - ^f claim 13 fiirther compri siftg-s aid fib e r . 


17. The apparatu3^f claim 16 fiirther comprising an Erbium-doped fiber amplifier in 
cascade with saidMbw. 
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TSr Inmny p l ical coi mmmication system, a method tor amplifying an optical s^grfal 
within a fiber by exploiting Raman effects to achieve a desired gain level^smd method 



said fib^ to cause Raman 


composing: 

injecting co-propagating optical pumf? enerj 
amplification according to a first gain level;\ 

injecting counter-propagating opfical pump energy into said fiber to cause Raman 
amplification according to a secermi gain level; and 
_3diereift-said-in-?rg^^ 



V9r^' — '^ni^^mjsthodj:>£^ 
of said fiber, there is a greater four-wave mixing product suppressionj^vel than would be 
achieved injecting only said counter-propagating optical piuppTenergy to obtain said 
desired gain level or 2) given a four-wave mixing product level, there is a higher signal to 
noise ratio than would be achieved using inj5,Gting only said counter-propagating optical 
energy to obtain said desired gain level^ 


20. The method of claim 18 wherein injecting co-propagating optical pump energy 
comprises injectin^^co-propagating optical energy at a power level set responsive to a 
20 minimum tolerable four-wave mixing product suppression level and a desired signal to 


21 . The method of cfaimj20 wherein said power level is also set responsive to a 
maximum tolerable samration level. 
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22. The method of claim 20 further comprising: 

further ampUfying said signal within an Erbium-doped fiber amplifier. 


hrarroptr ca l co mm n n Tuatiou s y stemrapparatus-fbr^amphfying m oplicHl'^igtial'^ 

within a fiber by exploiting Raman effects to achieve a desired gain levelfsaid method 




energy into/said fiber to cause 


comprising: 

means for injecting co-prop^agating optic^ 
Raman amplification; 

means for injecting counter-pro^gating optical pump energy into said fiber to 
cause Raman amplification accordingio a second gain level; and 
^-^yherein-said^r-st^^H^^e^^ 


24: — --4iie-^pparat^s^^fekim"23~whefeirreithe^ 

output of said fiber, there is a greater four-wave mixing product suppressipitlevel than 
would be achieved injecting only said counter-propagating opticaj^^mnp energy to obtain 
said desired gain level or 2) given a four- wave mixing prmiilct level, there is a higher 
signal to noise ratio than would be achieved injectiji^nly counter-propagating optical 
20 energy to obtain said desired gain level. 


25. The apparatus of clainy23 wherein said means for injecting co-propagating 
K.^SgtiGal4>u^-energy=^§^ a — 
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^ ^=f? vwe i lHv p^^=s^M:a.q pmisive to a minimumJ^Qlerafate- 
level and a desired signal to noise ratio. 



ifigpr^d^tsi^pression" 


5 26. The apparatus of claim 23 wherein said power level is also set responsive to a 
maximum tolerable saturation level. 


27. The apparatus of claim 23 further comprising: 


^eaHSdfefegh^mplYfying^aiaTignal'wttlTir 


10 
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